Dipole-dipole interaction stabilizes the transition state of apurinic/apyrimidinic endonuclease--abasic site interaction.
Human apurinic/apyrimidinic (AP) endonuclease (hAPE) initiates the repair of an abasic site (AP site). To gain insight into the mechanisms of damage recognition of hAPE, we conducted surface plasmon resonance spectroscopy to study the thermodynamics and kinetics of its interaction with substrate DNA containing an abasic site (AP DNA). The affinity of hAPE binding toward DNA increased as much as 6-fold after replacing a single adenine (equilibrium dissociation constant, K(D), 5.3 nm) with an AP site (K(D), 0.87 nm). The enzyme-substrate complex formation appears to be thermodynamically stabilized and favored by a large change in Gibbs free energy, DeltaG degrees (-50 kJ/mol). The latter is supported by a high negative change in enthalpy, DeltaH degrees (-43 kJ/mol) and also positive change in entropy, DeltaS degrees (24 J/(K mol)), and thus the binding process is spontaneous at all temperatures. Analysis of kinetic parameters reveals small enthalpy of activation for association, DeltaH degrees++(ass) (-17 kJ/mol), and activation energy for association (E(a), -14 kJ/mol) when compared with the enthalpy of activation for dissociation, DeltaH degrees++(diss) (26 kJ/mol), and activation energy in the reverse direction (E(d), 28 kJ/mol). Furthermore, varying concentration of KCl showed an increase in binding affinity at low concentration but complete abrogation of the binding at higher concentration, implying the importance of hydrophobic, but predominantly ionic, forces in the Michaelis-Menten complex formation. Thus, low activation energy and the enthalpy of activation, which are perhaps a result of dipole-dipole interactions, play critical roles in AP site binding of APE.